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Assimilation of precipitation in a global modeling system poses a special challenge 
in that the observation operators for precipitation processes are highly nonlinear. In 
the variational approach, substantial development work and model simplifications are 
required to include precipitation-related physical processes in the tangent linear model 
and its adjoint. An ensemble based data assimilation algorithm "Maximum Likelihood 
Ensemble Smoother (MLES)" has been developed to explore the ensemble represen- 
tation of the precipitation observation operator with nonlinear convection and large- 
scale moist physics. An ensemble assimilation system based on the NASA GEOS-5 
GCM has been constructed to assimilate satellite precipitation data within the MLES 
framework. The configuration of the smoother takes the time dimension into account 
for the relationship between state variables and observable rainfall. The full nonlinear 
forward model ensembles are used to represent components involving the observation 
operator and its transpose. Several assimilation experiments using satellite precipita- 
tion observations have been carried out to investigate the effectiveness of the ensemble 
representation of the nonlinear observation operator and the data impact of assimilat- 
ing rain retrievals from the TMI and SSMII sensors. Preliminary results show that this 
ensemble assimilation approach is capable of extracting information from nonlinear 
observations to improve the analysis and forecast if ensemble size is adequate, and a 
suitable localization scheme is applied. In addition to a dynamically consistent precip- 
itation analysis, the assimilation system produces a statistical estimate of the analysis 
uncertainty. 
https://ntrs.nasa.gov/search.jsp?R=20080039558 2019-08-30T20:50:09+00:00Z
Rapi ta t ion  process In global forccast model 
and Its observamon operator 
w m b h  tn u m m h  wern 
eocksland 
Prec~ptabon measurements fmm rateiker pmv~de l d  by w ~ n d  JUI\ 
cnrld loformpaon on m. Earths hydrolog~cal cycle mth 
unprecedented t e w n l  and spabal cawrage 
Data ss8unratmn syrtem can use prewpnabon data 
tO r e d u c e f o ( ~ c ~ ~ t  errom caused by lnaccuracier In 
m d e l  preclpMnn process 
. InMvatlve data aoslmlaturn technqws need to be 
developed to handle non4war observation operaton for 
preupMlon that conalrts of complex psrametenzsbons 
of mode! phyrlcs 
OtJccrivc 
dewlap M ensemble smoth0r cspsbl. of extrachw 
mnfonnaban from data wth nm-lhnsar obrew.tlon 
opsramn 
apply ensemble asscmllmn technique to asrlmilat~an 
of &eIW preclpdaban dstam reduce erron In global 
preclpmatlon analper and forecarts 
Information malrix in ensemble space with localization 
IntormetDn matm ( C )is def~led ar the covansnce of folward model 
ensembles. The matnx Is cakulated from an enrembls of fimguess 
observable In each subdomam in lacallabon rchame 
Informeban m exbscted from obserratlonr vla obre~atlon operamrs to 
reduce the forecarit ermrs ~n model space 
A maximum likcl~hood eshmatc framework 
for the ensemble smoother 
J(x) = (x-s)T P (x-xb) + ( y - H(x))~ R ( y - H(x)) 
P background enwmvanance 
esbmated and updated by p d i r b d  Bnsemble fuecasts 
observations dunng the assmllabon wlndax ( 6 hours) 
R observabon errw mvalance 
H(x) first guess by non-hear obsawabon o p a b  
- mvaname of non-linear fwward maid Bnsemble 
Instead of representabon NTLM and its adjolnt 
p , i n = p , ~ n [ ~ + c j - ~ n  ! 
The *me-ewlnng d~str~buhon of error standard 
devto*on in forecast error covariance 
cycb 1 cycle 2 cyck 10 
- -- - -- 
I I:' 
- - - 
- 1. -:." f 
- - . - 
Red slanwth a Iqged fWMS1disWibuUm Q a1850 mba b ' 
Oeen slan Wh a uuform d sl! baon 
c = I R - ~ ~ H P , ~ ~ ] T [ R - ~ ~ H ~ ~ I ~ ]  
Ebenvsluss of [ I + C ] st analysis cycle 20 
LnerOBSopraor 9m-1crrrOBsop;raforr Non-lxne.rOBSam~~~~(89em) 
g ,, 
1 
E M *  mt." 
Bluc s u M r m e m  sirslE.mn 
R d  r u b d r m . , n a ~ n ~  
The evolving spatial stwctwes of error standard 
deviation in forecast error covariance 
Precipitation observation selection 
Thc rain mnovatbm #re cakulatad at all vaY DbreWatiDn l o c a n s  
I Non pmclpuahng bcahonr 
Prscbmng bcatlonr 
CS1J1 Precipbting locatnrns wlh large dflerences betwsen obsemon and nmt 
gmrs 
SON 
The data selection flags !none analpis wlndow (6 hours) 
40N 
30N 
20N 
1 ON 
EQ 
10s 
205 
305 
405 
50s 
60E 120E 180 120W 60W 0 
Reduction in forecast and analysis errors in 
precipitation and moisture 
- me eoesmble asrlmlladon effa&ly reduces analyaw emn in 
preclpltation and moisture, lmprows short4em forecast 
W E  preclp4tallon RMSE rmisture 
Blue corn01 - .. Blue corn01 
Green FGS 
............ 
. . 
............. . . . .  
. . 
. . . . . . . .  " . . " a  . . .  
h h l r s s y s k i  
Assimilation experiments wing precipitatian data 
Improvement in global precipitation analysis 
if (!I, 
rl; 
!I2 
Flrthv improving forecast and analysis 
by using more ensemble members 
RMSE rmi.tUI. a EQmb 
- m a  
. . 
.......... 
... 
........ . . .  
..... 
. . 
. . . . . . . . . . .  . . . . . . . . .  
hhlassys les  
Positive i m p 3  from wing more ensemble members 
- analy6k incremsntr are smaller after afew anslysn cyc!as 
